Aim: Adipokines are protein products of adipose tissue with paracrine and endocrine actions, which have been implicated in the pathogenesis of cardiovascular disease. Locally produced adipokines, especially by periadventitial adipose tissue, may affect vascular physiology and pathology. We investigated the expression of adiponectin, visfatin, leptin and novel adipokines chemerin and vaspin in human periaortic and epicardial adipose tissue, as well as their correlation to aortic and coronary atherosclerosis. Methods: Standard immunohistochemical staining for the adipokines was performed on samples of human periaortic, pericoronary and apical epicardial adipose tissue. Atherosclerotic lesions of the adjacent vascular wall were assessed using the AHA classification.
Introduction
Adipose tissue is no longer considered a passive lipid storage site, as it has been recognized to be an active source of peptides, called adipokines 1, 2) . These bioactive molecules constitute a diverse group of substances with autocrine, paracrine and endocrine actions and have been implicated, among others, in the pathogenesis of metabolic syndrome and cardiovascular disease [3] [4] [5] . Although subcutaneous adipose tissue com-and over the left ventricular apex 15) . Although there is enough evidence concerning visceral adiposity in general as an independent cardiometabolic risk factor, the role of epicardial fat remains relatively understudied 16) .
It is thought that adipokines are implicated in the pathogenesis of atherosclerosis by modulating vascular function and affecting inflammatory processes 17) . Although adipokines have been shown to be secreted by periadventitial fat, only circumstantial evidence currently exists with regard to their direct pro-atherogenic action on the adjacent vasculature 13) . Around the coronaries and the aorta, the distance between periadventitial fat and adventitia measures less than 0.1 mm 13) , so that paracrine release of adipokines could traverse the arterial wall by diffusion from outside-toinside and interact with cells in each of its layers 15, 16) ; however, atheromatous plaque formation can increase arterial wall thickness, so that adipokine diffusion might become less important than vascular access 15) . In such cases, the hypothesis of "vasocrine signaling" 18) , according to which substances produced near the adventitial vasa vasorum can traverse them and be delivered to the intima, could explain the downstream transport of all adipokines released from periadventitial adipose tissue directly into the arterial wall 15, 16) . Classical cytokines, such as TNF and IL-6, are produced by adipose tissue and participate in the atherogenic process, inducing endothelial dysfunction 13, 19) . Leptin exerts an atherogenic effect as a result of its actions on several cell types 20, 21) , while resistin mainly impairs endothelial function 22) . Visfatin is known to have proinflammatory properties 23) , through which it produces endothelial dysfunction 24) and probably contributes to the destabilization of atheromatous plaques 25, 26) . Adiponectin is widely known for its antiatherogenic properties, including improvement of endothelial function, prevention of neointimal thickening and a potent anti-inflammatory effect 27, 28) . Novel adipokines are also emerging as possible links between metabolic syndrome and its cardiovascular complications 26, 29) .
Here we report the results of our study concerning the expression of adiponectin, visfatin, leptin, as well as novel adipokines chemerin and vaspin in human periaortic abdominal and epicardial adipose tissue, which constitute distinct compartments of visceral adipose tissue 15, 30) . We also report our results concerning the relation of the expression of these adipokines with aortic and coronary atherosclerosis and other clinical parameters.
Materials and Methods

Tissue Specimens
The study was approved by the Committee on Research and Ethics and the Scientific Committee of the University Hospital of Patras, Greece. Cross-sections of human left coronary arteries (n 41) and abdominal aortas prior to bifurcation into common iliac arteries (n 41), including periadventitial fat, were obtained from 41 autopsy cases. Apical epicardial adipose tissue (n 41) from the left ventricular apex was also obtained from the same cases. According to autopsy records, the mean age was 45.2 years (range 14 − 81 years), the mean body mass index (BMI) was 26.8 kg/m 2 (range 17.57 − 32.65 kg/m 2 ), 21/41 were hypertensives and 11/41 died of acute coronary occlusion. The specimens were fixed by immersion in neutral-buffered 10% formalin, dehydrated and routinely processed in paraffin embedding.
Immunohistochemical Staining Procedure
Consecutive 4 m sections of aortic, coronary and apical epicardial tissue samples were deparaffinized in xylene and rehydrated in graded alcohols. Antigen retrieval was enhanced by microwaving the slides in 0.01 M citrate buffer (pH 6) where necessary ( Table 1) . Endogenous peroxidase activity was quenched by treatment with 1% hydrogen peroxide for 20 min, followed by incubation with an appropriate protein blocking solution. Sections were subsequently incubated with primary antibodies ( Table 1) . The Envision Plus Detection System kit (DakoCytomation, USA) was used for visualization of bound primary antibody, with 3,3'-diaminobenzidine (DAB) as a chromogen (which yielded brown reaction products) 31) . Sections were counterstained with Harris' hematoxylin solution, dehydrated and mounted. For each antiserum, negative controls were performed by replacing the primary antibody with protein blocking solution. Optimal conditions (dilutions, incubation time, pre-treatment) for reproducible results with each primary antibody are shown in Table 1 .
Histopathological Evaluation
The presence of periadventitial adipose tissue and the integrity of the vascular wall were confirmed. Atherosclerotic lesions were assessed according to AHA classification 32, 33) and ranked for statistical reasons in 4 groups: 1: absence of atherosclerotic lesions, 2: AHA type and lesions, 3: AHA type and lesions, 4: AHA type a-c and lesions.
Immunohistological Evaluation
All slides were assessed by two pathologists (H.P., J.V.) and two investigators (S.S., C.K.) independently and blinded to the case. Immunoreactivity was graded on a scale of 0 − 3 according to intensity of cytoplasmic staining and percentage of immunopositive cells: 0: no staining or 10% positive cells, 1: weak staining in 10 − 70% positive cells or moderate staining in 10 − 35% positive cells, 2: weak staining in 70% positive cells or moderate staining in 35 − 70% positive cells or strong staining in 10 − 35% positive cells, 3: moderate staining in 70% positive cells or strong staining in 35% positive cells. Microphotographs were obtained using a Nikon DXM 1200C digital camera mounted on a Nikon Eclipse 80i microscope and ACT-1C software (Nikon Instruments Inc., Melville, NY, USA).
Statistical Analysis
Statistical analysis was performed using SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA). Correlations between the expression of proteins, as well as their association with atherosclerosis, age group and BMI were evaluated by the Spearman rank-order correlation coefficient. Partial correlation analysis was used to remove the effect of age group and BMI on correlations between atherosclerosis and adipokine expression. Ordinal data were assessed with non-parametric tests. The significance of protein expression differences between groups with distinct clinical parameters was analysed with the Mann-Whitney test. To examine differences in protein expression between depots of the same cases, the Wilcoxon signed ranks test was used. The significance level was defined as p 0.05.
Results
Evaluation of Atherosclerotic Lesions
Atherosclerotic lesions ranging from isolated subendothelial macrophages to complicated fibroatheromata were detected in 35/41 (85.4%) aortic tissue and 37/41 (90.2%) coronary tissue samples ( Table 2 , 3).
Expression of Adipokines in Periaortic, Pericoronary and Apical Epicardial Adipose Tissue
Adipokine expression was detected in adipocytes and stromal-vascular cells in the majority of adipose tissue samples (Table 2-4, Fig. 1-3) . A statistically significant higher visfatin expression was observed in pericoronary adipose tissue samples compared with the respective periaortic samples (p 0.008), while leptin expression was significantly higher in the peri- aortic than pericoronary fat depot (p 0.013). Moreover, differences in the expression of adipokines were observed between pericoronary and apical epicardial adipose tissue; visfatin expression was higher in the pericoronary fat depot (p 0.001), whereas chemerin showed higher expression in apical epicardial fat (p 0.01). Interestingly, the two novel adipokines, chemerin and vaspin, were also found to be expressed by cells in the stromal-vascular fractions of all adipose tissue depots, at a similar rate as adipocytes.
In periaortic adipose tissue, several correlations among adipokine expressions were noted. Adiponectin expression was negatively correlated with visfatin (r 0.427, p 0.005), leptin (r 0.422, p 0.006), chemerin (r 0.640, p 0.001) and vaspin (r 0.388, p 0.012) expression. Moreover, visfatin immunoreactivity was positively correlated with leptin (r 0.433, p 0.005), chemerin (r 0.546, p 0.001) and vaspin (r 0.527, p 0.001) immunostaining. Statistically significant positive correlations were observed between leptin and chemerin (r 0.562, p 0.001), leptin and vaspin (r 0.318, p 0.042), as well as chemerin and vaspin expression (r 0.525, p 0.001). In the pericoronary fat depot, only leptin expression was statistically significantly correlated with adiponectin (r 0.316, p 0.044) and visfatin (r 0.371, p 0.017) expression. No statistically significant correlations among adipokine expression in apical adipose tissue were observed.
Expression of Adipokines in Aortic and Coronary Vascular Smooth Muscle Cells
Except for adiponectin, all other adipokines under investigation showed intense immunoreactivity in vascular smooth muscle cells (VSMCs) of most aortic and coronary samples (Supplementary data: Table S1, S2). In aortic tunica media, visfatin, leptin chemerin and vaspin expression in VSMCs was observed in 35/41 (85.4%), 41/41 (100%), 41/41 (100%) and 41/41 (100%) samples, respectively. In the coronary artery tunica media, visfatin, chemerin and vaspin were r 0.568, p 0.001
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Expression of Adipokines in Macrophage Foam Cells of Aortic and Coronary Atherosclerotic Lesions
With the exception of adiponectin, all other examined adipokines demonstrated immunolocalization in foam cells of atherosclerotic lesions. In particular, visfatin, leptin, chemerin and vaspin were immunohistochemically detected in foam cells of atherosclerotic lesions in 32/35 (91.4%), 23/35 (65.7%), 28/35 (80%) and 31/35 (88.6%) aortic samples, respectively; in coronary atherosclerotic lesions, the expression of the aforementioned molecules was detected in 37/37 (100%), 31/37 (83.8%), 34/37 (91.9%) and 34/37 (91.9%) samples, respectively (Supplementary data: Table S1 , S2, Fig. 4 ).
In aortic atherosclerotic lesions, leptin expression in macrophage foam cells was significantly positively correlated with visfatin (r 0.352, p 0.038), chemerin (r 0.575, p 0.001) and vaspin (r 0.519, p 0.001) expressions. In addition, there was a positive correlation between chemerin and vaspin expression in foam cells (r 0.544, p 0.001). In coronary atherosclerotic lesions, visfatin and leptin foam cell expression were also interrelated (r 0.364, p 0.027).
Expression of Adipokines in Association with Age Group and BMI
Dividing the subjects into age groups with 20year intervals, statistically significant correlations were noticed between adipokine expression and age groups (Supplementary data: Table S1 ). Adiponectin was negatively correlated with age group in both periaortic (r 0.606, p 0.001) and pericoronary (r 0.37, p 0.017) adipose tissue. Periaortic fat expression of visfatin, leptin and chemerin increased with age (r No statistically significant correlations were observed between adipokine expression and BMI in our material.
Expression of Adipokines in Periaortic Adipose Tissue, Aortic VSMCs and Macrophages in Association with Aortic Atherosclerosis
Adipokine expression in periaortic fat depot was correlated with the severity of aortic atherosclerosis ( Table 2) . Adiponectin was negatively correlated with atherosclerosis (r 0.705, p 0.001), whereas a posi- A positive correlation between the expression of chemerin in aortic VSMCs and aortic atherosclerosis was also observed (r 0.636, p 0.001) (Supplementary data: Table S2 ).
The expression of all adipokines detected in foam cells was correlated with aortic atherosclerosis (Supplementary data: Table S2 ). Statistically significant positive correlations were found between visfatin (r 0.523, p 0.001), leptin (r 0.485, p 0.003), chemerin (r 0.671, p 0.001) and vaspin (r 0.437, p 0.009) 
Expression of Adipokines in Pericoronary Adipose Tissue, Coronary VSMCs and Macrophages in Association with Coronary Atherosclerosis
Adiponectin immunostaining in pericoronary fat was negatively correlated with coronary atherosclerosis (r 0.385, p 0.013), while a positive correlation was noticed between visfatin (r 0.321, p 0.04) and chemerin (r 0.377, p 0.015) expression and coronary atherosclerosis. Leptin and vaspin expression in this specific adipose tissue depot were not associated with the severity of coronary atherosclerotic lesions ( Table 3) . Controlling for age group, none of these correlations remained statistically significant. Adjustment for BMI revealed partial correlations between adiponectin ( 0.354, p 0.025), visfatin ( 0.368, p 0.020), chemerin ( 0.383, p 0.015) and vaspin ( 0.358, p 0.023) expressions and coronary atherosclerosis.
Coronary VSMC expression of adipokines was not associated with atherosclerosis, whereas foam cell leptin (r 0.443, p 0.006) and chemerin (r 0.405, p 0.013) expressions were positively correlated with coronary atherosclerosis (Supplementary data: Table  S3 ).
Periaortic and Apical Epicardial Adipose Tissue Expression of Adipokines in Association with Coronary Atherosclerosis
Interesting associations between the expression of adipokines in periaortic adipose tissue and coronary atherosclerosis were revealed. Periaortic fat adiponectin was negatively correlated with coronary atherosclerosis (r 0.366, p 0.019). On the other hand, positive correlations were noticed between visfatin (r 0.379, p 0.015) and chemerin (r 0.376, p 0.015) periaortic fat expression and coronary atherosclerosis. Controlling for age group, no partial correlations remained statistically significant, while adjustment for BMI revealed the same partial correlations between adiponectin ( 0.349, p 0.027), visfatin ( 0.381, p 0.015) and chemerin ( 0.380, p 0.016) expression and coronary atherosclerosis.
Finally, none of the adipokines expressed in apical epicardial adipose tissue was associated with coronary atherosclerosis ( Table 4) , even after adjusting for age group or BMI.
Expression of Adipokines in Association with Clinical Parameters
Statistically significant higher expressions of visfatin (p 0.022) and chemerin (p 0.033) in periaortic fat were observed in cases with hypertension, compared with normotensive cases. Interestingly, increased chemerin expression in VSMCs of aortic media was Table S4 ).
Adiponectin expression in periaortic fat was significantly lower in patients who died of acute coronary artery occlusion (p 0.018). Decreased coronary VSMC visfatin expression was also associated with acute coronary occlusion (p 0.016). Significantly increased foam cell chemerin expression in coronary lesions was detected in cases of acute coronary occlusion (p 0.018) (Supplementary data: Table S5 ).
Discussion
In the present study we found the differential expression of five adipokines in two different visceral adipose tissue depots, namely abdominal periaortic and epicardial fat, in relation to aortic and coronary atherosclerosis. Even within distinct domains of the same adipose tissue depot, such as pericoronary and apical epicardial fat, we found differences in the pattern of adipokines expression. In this respect, a striking finding of our study was the absence of any correlation between coronary atherosclerosis and adipokine expression in epicardial adipose tissue of the apical region, whereas, in several instances, the expression of adipokines in pericoronary fat was correlated with coronary atherosclerosis. Depot-specific differences in the expression and secretion of adipokines have been reported 34, 35) , including different depots of visceral fat 34, 36) . These observations suggest that the role, if any, of locally produced adipokines in the atherosclerotic process might depend on regional differences Table S3 . Significant correlations between expressions of adipokines and age Chemerin, a protein abundantly present in human inflammatory fluids 37) , has recently been identified as an adipokine 38, 39) that relates to key aspects of metabolic syndrome 26, 40) . Chemerin expression by endothelial cells in inflamed tissues and its ability for chemotactic recruitment of macrophages and dendritic cells expressing ChemR23 receptor, as well as its ability to promote cholesterol uptake and foam cell formation 37, [41] [42] [43] , suggest a role of chemerin in inflammatory states and possibly atherosclerosis 43) . In the present study we demonstrated a positive correlation between atherosclerosis and chemerin expression in 37, 38, 41) , our findings seem to lend some support to the suggested role of chemerin in atherosclerosis 43) through a mechanism of paracrine action.
We found visfatin to be expressed in periaortic and pericoronary adipose tissue depots, with a higher expression in the latter. There was a strong correlation of visfatin expression with atherosclerosis in both depots. Visfatin induces endothelial dysfunction 23, 24) and recently increased epicardial fat visfatin expression in patients with coronary artery disease (CAD) has been reported 36) . In the present study, visfatin was also expressed in foam cells of plaques in both locations. The positive association between visfatin foam cell expression and aortic atherosclerosis may in part reflect its possible role in inflammation and plaque destabilization, as reported recently 25) .
In our study, adiponectin was also expressed in both periadventitial adipose tissue depots and was inversely correlated with atherosclerosis. These findings are in agreement with the known cardioprotective role of adiponectin 27, 28) , as well as with the recently reported antiatherogenic role of locally produced adiponectin 34, 36, 44, 45) .
Vaspin (visceral adipose tissue-derived serine protease inhibitor) has been recently described as an insulin-sensitizing adipokine 46, 47) , which is upregulated in obesity, possibly as a compensatory mechanism to decreased insulin sensitivity 29, 46, 47) , but its role in the atherosclerotic process remains controversial 29) . Furthermore, in a recent study, no significant relationship was found between circulating vaspin and the severity of carotid stenosis and no vaspin mRNA or protein expression was detected in the removed carotid plaques by RT-PCR and Western blotting, respectively 48) . Although expressed in both pericoronary and periaortic adipose tissue depots in our study, vaspin was correlated with atherosclerosis only in the latter instance. Moreover, in our study, vaspin was also detected in foam cells of atherosclerotic lesions, but there was a correlation with the severity of lesions only in aortic atherosclerosis. These findings suggest that in certain locations there might be a relation of locally produced vaspin to atherosclerosis.
To the best of our knowledge, chemerin and vaspin expression in periadventitial and epicardial adipose tissue has not been previously reported. In con-trast with studies in animals, which reported lower chemerin and no vaspin expression in stromal-vascular cells of visceral fat 39, 46) , we found chemerin and vaspin to be equally expressed in mature adipocytes and adipose tissue stromal-vascular cells. It is perhaps of some interest to note the above interrelation of chemerin and vaspin expression in periaortic fat, since chemerin requires cleavage by serine proteases in order to be activated and vaspin is a serine protease inhibitor with unknown targets 29, 39) .
We demonstrated a stronger periaortic than pericoronary fat leptin expression, as well as leptin expression in arterial wall VSMCs and foam cells in atherosclerotic lesions. Leptin has been previously linked with atherosclerosis, as it exerts proatherogenic and prothrombotic actions, affecting endothelium, VSMCs, macrophage and platelet function 20, 21) .
In our study, adiponectin expression was negatively correlated with all other adipokine expressions in periaortic adipose tissue, while there was a positive correlation of the expressions of visfatin, leptin, chemerin and vaspin with each other; however, in pericoronary adipose tissue, only leptin was positively associated with adiponectin and visfatin. It is interesting to note that in apical epicardial fat there were no correlations of adipokine expression and atherosclerosis, in contrast with pericoronary fat, where such correlations were observed in adiponectin, visfatin and chemerin, as mentioned above.
The expression of adipokines has been correlated with age in previous studies 39, [49] [50] [51] [52] [53] [54] . In our study, periaortic and pericoronary adipose tissue expressions of adiponectin decreased with age. In previous studies, plasma adiponectin levels have been positively 49) or negatively 50) correlated with age. On the other hand, visfatin expression, in our study, increased with age only in periaortic fat. A positive correlation between plasma visfatin levels and age has been previously described 51) . We also demonstrated an increased leptin expression with age in periaortic but not in pericoronary adipose tissue. A similar correlation of leptin with age has been previously reported in omental adipose tissue 52) , but there is controversy concerning plasma leptin level association with age 53, 54) . Finally, we observed a positive correlation between age and chemerin expression in periaortic fat and aortic VSMCs. A positive correlation between age and plasma levels of chemerin has been described 39) . Although visceral adiposity and metabolic syndrome are considered to alter adipokine expression [5] [6] [7] , in our study BMI had no significant effect on adipokine expression, probably due to the small number of morbidly obese subjects. In general, even when excluding the known influence of age and BMI on atherosclerosis, adipokine expression was still associated with the severity of atherosclerotic lesions.
In the present study, among the examined adipokines, only visfatin and chemerin were related with hypertension. In particular, visfatin expression in periaortic fat was positively correlated with hypertension. Such a positive correlation between visfatin levels and blood pressure has previously been proposed 55, 56) , although no correlation has been found by other investigators 57) . We also found increased chemerin expression in periaortic fat and aortic VSMCs in hypertensives. In this respect, it is interesting to note that a strong association of chemerin plasma levels with blood pressure in normal glucose tolerance subjects has been previously observed, suggesting a role of chemerin as a novel regulator of blood pressure 39) .
Acute coronary occlusion as a cause of death was associated in our study with lower periaortic, but not pericoronary or apical epicardial fat adiponectin. High plasma adiponectin levels have independently been associated with a lower risk of acute coronary syndromes 58) , while low plasma adiponectin has been linked to more complex coronary lesions 59) and constitutes a risk factor for cardiovascular events 60) . An interesting observation of our study was decreased coronary VSMC visfatin expression in cases of acute coronary occlusion. Visfatin expression is increased during VSMC maturation, promoting a contractile VSMC phenotype 61) . By preventing VSMC apoptosis, visfatin has been proposed to play a key role in the control of atherosclerosis by preventing lesion disruption and acute vascular occlusion 62) ; however, it should be noted that visfatin may also promote VSMC proliferation, as proposed very recently 63) . Finally, coronary occlusion in our cases was associated with foam cell chemerin expression in coronary lesions. With an analogy to visfatin's proposed role 25) , it might be postulated that chemerin also plays a role in plaque destabilization and disruption.
In conclusion, in this study we demonstrate the differential expression of various adipokines in human visceral periaortic, pericoronary and apical epicardial adipose tissue. Adiponectin, visfatin and chemerin expressions were associated with both aortic and coronary atherosclerosis, suggesting the possible implication of these locally produced adipokines in the atherogenic process, while vaspin and leptin were only correlated with aortic atherosclerosis. Our results lend support primarily to the hypothesis that locally produced adipokines might be involved in the atherosclerotic process and secondly to the notion that various adipokines may differently affect the atherosclerotic process in different locations.
